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Abstract: Signal digitizers revolutionized the approach to the electronics readout of radiation
detectors in Nuclear Physics. These highly specialized pieces of equipment are designed to acquire
the signals that are characteristic of the detectors in nuclear physics experiments. The functions
of the several modules that were once needed for signal acquisition, can now be substituted by a
single digitizer. As suggested by the name, with such readout modules, signals are first digitized
(i.e. the signal waveform is sampled and converted to a digital representation) and then either stored
or analyzed on-the-fly. The performances can be comparable or better than the traditional analog
counterparts, in terms of energy, time resolution, and acquisition rate.
In this work, we investigate the use of general-purpose digital oscilloscopes as signal digitizers
for nuclear detectors. In order to have a proper comparison, we employ a distributed data acquisition
system (DAQ), that standardizes the interface between the hardware and the on-line data analysis.
The signals, from a set of typical radiation detectors, are digitized and analyzed with the very
same algorithms in order to avoid biases due to different software analysis. We compare two tradi-
tional signal digitizers (CAEN DT5725 and CAEN DT5751) to two low-cost digital oscilloscopes
(Digilent Analog Discovery 2, and Red Pitaya STEMLab 125-14), in terms of their capabilities
for spectroscopy (energy resolution), time resolution, pulse shape discrimination, and maximum
acquisition rate.
Keywords: Data acquisition concepts, Detector control systems, Data processing methods
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1 Introduction
Traditional analog data acquisition systems (DAQs) for nuclear detectors are composed of several
discrete electronics modules. Each module performs one or a few of the functions that transform
the detectors’ signals to digital representations. Some typically employed functions may be shaping
and filtering signals, determination of the arrival time, determination of coincidences between
signals, etc. With the introduction of signal digitizers, most of those electronics modules can be
replaced by digital signal processing. Digitizers are fast analog-to-digital converters (ADC) that
sample electrical signals, with typical rates of several hundreds of MHz or even a few GHz. Signals
are digitized, that is: the signal waveform is sampled and converted to a digital representation
(i.e. a series of numbers). The digital representation of waveforms can be stored or analyzed
on-the-fly, in order to compute significant values associated with physical quantities. Digitizers
normally do not require preamplifiers or particular signal processing [1, 2], greatly simplifying the
DAQ schematics, even though in some cases a preamplifier is needed. The performances can be
comparable or better than the traditional analog counterparts, in terms of energy and time resolution
and of acquisition rate [1, 3]. Depending on the desired performances, digitizers may be costly as
the cost per acquisition channel could be of the order of 1 k$. Nevertheless, a full traditional analog
DAQ might be overall more expensive as it is composed of many modules. These considerations
depend on the specific needs of the experiment, though.
Digitizers for nuclear detectors are highly specialized pieces of equipment and are dedicated to
the acquisition of the signals that are characteristic of the various detectors. Detectors’ signals are
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current pulses that can be as short as ~50 ns and as long as a few microseconds. The typical pulse
heights can be from a few millivolts to the order of 1 V. The arrival times are random, i.e. they are
not periodic signals.
As a cheaper alternative to digitizers, we investigate the use of low-cost, general-purpose,
digital oscilloscopes to be employed in low-cost prototypes of detection systems, that can also be
installed in remote locations [4].
In order to have a proper comparison, we employ a distributed data acquisition system (DAQ)
[5–7], that standardizes the interface between the hardware and the on-line data analysis. The
signals, from a set of typical radiation detectors, are digitized and analyzed with the very same
algorithms in order to avoid biases due to different software analysis. We compare two traditional
high-performance signal digitizers (CAEN DT5725 and CAEN DT5751) to two low-cost digital
oscilloscopes (Digilent Analog Discovery 2, and Red Pitaya STEMLab 125-14), in terms of their ca-
pabilities for spectroscopy, pulse shape discrimination, timing resolution, and maximum acquisition
rate.
2 General considerations
The aforementioned CAEN digitizers are so-called desktop digitizers, i.e. they are desktop modules
that require only a computer to control the acquisition. They can be connected through a USB cable
or an optical fiber with a CAEN proprietary protocol. They need a +12 V power supply. The
DT5725 features 8 input channels, a 14 bit Analog to Digital Converter (ADC), a sampling rate
of 250 MS/s (MSamples per second), and bandwidth of 125 MHz. The DT5751 features 2 or 4
channels, a 10 bit ADC capable of 2 GS/s (interleaved) or 1 GS/s per channel, and bandwidth of
500 MHz. Both digitizers have MCX connectors in the input channels, making them somewhat
impractical as they do not offer the commonly used BNC or LEMO 00 coaxial connectors. They
both have an input impedance of 50Ω and selectable input dynamic ranges of 0 V to 0.5 V or 0 V to
2 V (respectively also known as 0.5 Vpp or 2 Vpp, Volts peak-to-peak). With the CAEN proprietary
DPP-PSD firmware, the input channels have independent triggers, with the standard firmware the
trigger is shared between all the channels.
The Digilent Analog Discovery 2 (AD2) is a USB digital oscilloscope featuring two input
channels. The ADC resolution is 14 bit, the sampling rate is 100 MS/s, the bandwidth is 30 MHz.
The input impedance is 1MΩwith a dynamic range of±25 V. Inputs are on a pin strip connector, but
a BNC breakout board is offered. Having a high impedance input, we had to add 50Ω terminators at
the inputs. It is much more compact compared to the CAEN desktop digitizers and does not require
an external power supply. The trigger is shared between the two channels, as they are acquired
together.
The Red Pitaya STEMLab 125-14 is a digital oscilloscope within an embedded Linux com-
puter. It is self-sufficient both in terms of acquisition control and data storage. It requires an external
power supply of 5 V. It can be remotely controlled through an ethernet connection. It features 2 input
channels. The ADC resolution is 14 bits, the sampling rate is 125 MS/s, the bandwidth is 50 MHz.
The input impedance is 1MΩwith a selectable dynamic range of ±1 V or ±20 V. The input channels
have SMA connectors, to which we attached BNC adapters with 50 Ω terminators. The channels’
triggers are shared.
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The relevant technical specifications, of the aforementioned hardware, are summarized in
Table 4.
3 DAQ description
The data acquisition (DAQ) system used in this work is called ABCD and it was developed for
the C-BORD project, funded under the European H2020 research programme [8–12]. It is an
open-source1 distributed system, in which the tasks relative to the DAQ are spread over a set
of independent modules. Each module is an independent process designed to be as simple as
possible and thus dedicated to a single task only. Communication is obtained through the ZeroMQ
messaging library [13] over network sockets [14]. Processes expose multiple socket end-points:
for data delivery, for status delivery, and for commands reception. The benefits of such a structure
are multiple: the multiple processes are executed in parallel; different programming languages can
coexist, easing the collaboration with other teams; the modules can be distributed over different
computers; the DAQ system can be remotely controlled; the single processes are simpler and thus
can be easily debugged. An ABCD system may be controlled with a web-based graphical user
interface (Figure 1) or by an automatic experiment manager.
ABCD can be interfaced with various hardware, since it requires just the implementation of
a dedicated interface module. The most important modules of ABCD and the analysis flow chart
are presented in (Figure 1). The Hardware Interface Module (HIM) is used to configure the
hardware and read the digitized waveforms. The data is produced in a standardized format, thus the
rest of the modules can handle the information seamlessly. CAEN digitizers are specialized pieces
of hardware dedicated to the typical experiments for nuclear physics (research and applications),
they are therefore taken as a reference. The DPP-PSD firmware, of some CAEN digitizers, produces
two different types of data formats: digitized waveforms and processed data. Processed data are
also called PSD events, as they contain the necessary information for Pulse Shape Discrimination
(PSD) analysis [2]. HIMs for general-purpose oscilloscopes read digitized waveforms only. PSD
events are computed by the so-called waps module, that can be used also on waveforms read from
CAEN digitizers. PSD events and waveforms can be filtered by suitable modules. During this
work, the so-called spec module is used to generate, on-line, the energy spectra of PSD events;
while the so-called tofcalc module calculates, on-line, the spectrum of time differences between
couples of detector channels. Time differences are also called Time-of-Flight (ToF). This analysis
pipeline is applied for all the digitizers and oscilloscopes (Figure 1). Only the HIM was changed
according to the connected hardware, in order to have a direct comparison of the results. Even if
CAEN digitizers calculate PSD events, we employed the waps module to analyze their waveforms
and have a fair comparison.
Finally, ABCD can save acquisition data and replay the save-file simulating a full working
system. The replay feature is used especially during the debug phase of analysis modules and to
determine the optimum parameters for future on-line analyses.
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commands
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Spectroscopy set-up:
Detector A only, used with gamma-ray 
calibration sources
Pulse Shape Discrimination (PSD) set-up:
Detector A only, EJ-301, used with 252Cf
Timing set-up:
Double detector configuration with 22Na source
in between.
When a device (digitizer or oscilloscope) is 
changed, the hardware interfacing module is 
changed accordingly, while the rest of the 
analysis pipeline stays the same.
The waps module integrates the waveforms and 
determines a timestamp for each event. It 
forwards the waveforms as well as the elaborated 
data.
Communication between modules is obtained 
through connection sockets.
The datastream may be filtered by suitable 
modules.
Modules are connected to a web server that 
offers the Graphical User Interface (GUI) as a 
web page. It can be accessed over a network 
with a standard browser.
The tofcalc module calculates on-line the 
histogram of the time differences between 
couples of channels.
The spec module calculates on-line the energy 
spectra and the Pulse Shape Discrimination 
(PSD) distribution of the single channels.
Figure 1. Diagram of the data acquisition system and of the experimental set-up.
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0
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(a) The digitized signal is a sequence of 
unsigned integers. Since the signal could be 
negative, it is offset by a positive value.
The baseline is the level that is considered to 
be the level zero of the signal.
(b) The Constant Fraction Discrimination 
(CFD) signal is obtained by: 1. smoothing 
and inverting the original signal; 2. delaying 
and attenuating a copy of the smoothed 
signal; 3. summing the two signals together.
Using the CFD, the zero-crossing is a
low-jitter timestamp, 
that is independent of the signal amplitude. 
(c) A coarse zero-crossing position is 
determined by means of the bisection 
method, between the absolute maximum 
and minimum of the CFD signal.
(d) The fine zero-crossing position is 
determined by interpolating with a straight 
line the CFD signal around the coarse zero 
crossing
(e) "Pregate" is the time shift before the
zero-crossing that defines the start of the 
integration gates. Both gates start at the 
same "pregate".
(e) If the signal is negative it is flipped.
The "short" and "long" integrals start at 
"pregate" and correspond to the area under 
the original curve identified by the 
integration gates, considering the baseline 
as the level zero of the signal. The "short" 
integral area is also included in the "long" 
integral area.
Figure 2. Diagram of the waveforms analysis algorithm.
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}(a) A PSD event is composed of a 16 bytes word with:
  i. timestamp (64 bits), unsigned int;
  ii. qshort (16 bits), unsigned int, integral on the short gate;
  iii. qlong (16 bits), unsigned int, integral on long gate;
  iv. baseline (16 bits), unsigned int;
  v. channel (8 bits), unsigned int;
  vi. unused 8 bits word.
timestamp qshort qlong baseline
channel
(b) A message containing PSD events is a regular array 
of event words. The events order is not guaranteed.
unused
PSD events
message
} (c) The tofcalc module sorts the events with the quicksort algorithm according to their timestamps.sortedPSD eventsmessage
(d) Time differences, also called Time-of-Flights (ToF), are 
calculated between the timestamps of a reference channel 
and the other channels.
reference
channel
(e) A coincidence window around each event of the 
reference channel is determined. Coincidences between 
different messages are not taken into account.
Time differences are calculated between the reference 
event and the other events, in the coincidence window.
coincidence
windows
around
reference
events
}
}
}
time differences (ToFs)} }
} }
} }
ToF distribution
Figure 3. Diagram of the PSD events binary representation and the Time-of-Flight determination algorithm.
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4 Analysis algorithms
The waps module analyzes on-line the digitized waveforms obtained from the hardware and its
interfacing modules. In the analysis, it firstly calculates a fine timestamp that defines the beginning
of the signal applying an algorithm (Figure 2) that mimics a Constant Fraction Discriminator
(CFD) [15]. A CFD reduces the temporal jitter of the timemark [15]. The particular CFD algorithm
implemented in ABCD is described in detail in Figure 2. The estimated fine timestamp defines
where the baseline window ends and the start of two integration gates. In the baseline range, the
average value of the digitized signal is calculated. This value corresponds to the baseline of the
signal, which determines an offset that might have been applied to the signal and is considered to
be the level zero of the waveform (Figure 2). On the other hand, the integration gates are used to
estimate the signals’ energy and to perform pulse shape discrimination analysis, by employing the
so-called double-gate integration method [2]. The qlong value is the integral over the longer gate
and it is proportional to the total area of a signal pulse. Therefore, qlong is proportional to the total
energy of the event [2]. The qshort value is integrated over a shorter integration gate. These two
values are used to determine the so-called PSD parameter as
PSD =
qlong − qshort
qlong
(4.1)
that allows distinguishing between signals with different decay times. The PSD parameter is
used, for instance, to discriminate between gamma pulses and neutron pulses in some scintillators
[2]. Other definitions are also possible [16, 17]. A PSD event produced by the waps includes
information about the timestamp, qshort, qlong, and baseline (Figure 3).
The spec module determines on-line the energy spectra. It calculates the spectra as the
histogram of the qlong values. It also calculates the bi-dimensional histogram PSD parameter vs
qlong that can be used for pulse shape analysis. The tofcalcmodule determines theToF distribution
as described in detail in Figure 3.
5 Acquisition rates comparison
We define the acquisition rate as the number of event signals that are processed in the unit of time.
The acquisition rate is distinguished from the sampling rate, which is the number of samples per
second that the digitizers can record for a given signal while building a digitized waveform.
In terms of the acquisition rate, CAEN digitizers have superb performances. With ABCD we
were able to acquire up to 6 · 105 events/(s·channel) with a dead time of around 1%, and up to an
absolute rate of 106 events/(s·channel) in a controlled experiment with a pulser [5]. The combination
of ABCD with a CAEN digitizer was also proved in high acquisition rate experiments [18, 19].
The digitizer in that set-up was connected to a computer with an optical cable. Only the PSD
parameters were acquired, as calculated on-board with the DPP-PSD firmware, and no waveforms
were acquired. If the waveforms are to be acquired, ABCD can read up to 3 · 104 events/(s·channel)
over an optical cable. CAEN digitizers have also the benefit that with the DPP-PSD firmware the
acquisition channels can acquire independently.
1The source code and documentation are available at the official repository: https://gitlab.com/cristiano.fontana/abcd
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Figure 4. Energy spectra of the 60Co source, acquired with the set of digitizers coupled with (a) the NaI(Tl)
detector and (b) the LaBr3(Ce) detector. The spectra are vertically offset for clarity purposes.
The Red Pitaya STEMLab 125-14 can acquire only waveforms and the PSD events have to be
computed by the waps module. The maximum acquisition rate that we were able to acquire with
ABCD is 4 · 103 events/(s·channel). A drawback of the STEMLab 125-14 is that the two channels
share the same trigger and therefore cannot work independently. A benefit is that the STEMLab
125-14 is an embedded computer, thus it is self-sufficient for the acquisition and data storage.
The Digilent Analog Discovery 2 (AD2) acquires only waveforms as well. Connected to a
computer with a USB cable, we were able to acquire up to 100 events/s with ABCD. The reason for
this performance is that it does not buffer multiple events, and the DAQ has to request every single
event over the USB connection. The two channels of the AD2 share the same trigger and cannot
work independently.
6 Spectroscopy comparison
The spectroscopy performances of the digitizers are evaluated by estimating the energy resolution
of two scintillation detectors: a 3"x3" thallium-doped sodium iodide crystal, NaI(Tl), and a 3"x3"
cerium-doped lanthanum bromide, LaBr3(Ce). Each of the two inorganic scintillators is coupled to
a PMT, whose output signals are directly processed by a digitizer, without a preamplifier.
Four energy spectra are measured for each detector-digitizer combination: one corresponding
to the room background radiation, the others to three gamma-sources: 60Co, 22Na, and 137Cs. The
spectra are generated on-the-fly directly by ABCD, which calculates the qlong of the signals and
the relative histograms. Histograms are visualized on the web interface and can be saved to a file.
With further offline analysis, the background is subtracted and each spectrum is calibrated. Figure 4
shows the normalized energy spectra of a 60Co source, acquired with the NaI(Tl) and LaBr3(Ce)
detectors coupled to the set of digitizers.
The energy resolutions of the scintillators are evaluated in an energy range spanning from
511 keV (positron annihilation of the 22Na source) to 1332.5 keV (highest energy gamma emitted
by 60Co). In between, other gamma lines are considered: 661.7 keV (137Cs), 1173.2 keV (60Co),
and 1274.5 keV (22Na). The energy resolutions related to a particular gamma line is estimated as
[15]:
R =
FWHM
H0
(6.1)
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Figure 5. Comparison between digitizers of the estimated energy resolution as a function of gamma-ray
energy, using (a) NaI(Tl) and (b) LaBr3(Ce). The fitting functions from [20] R(E) = a + bE + c · E were
added for display purposes only.
Energy resolution at 662 keV
(R = FWHM/H0) [%]
NaI(Tl) LaBr3(Ce)
CAEN Digitizers
DT5725 7.578 ± 0.002 3.288 ± 0.001
DT5751 7.934 ± 0.003 3.416 ± 0.001
Oscilloscopes
STEMLab 125-14 7.726 ± 0.002 3.376 ± 0.001
Analog Discovery 2 9.81 ± 0.01 3.916 ± 0.003
Table 1. Energy resolution results for the set of signal digitizers at the 137Cs gamma line (662 keV).
where FWHM and H0 are, respectively, the full-width at half-maximum of the gamma line and its
centroid. Gaussian functions are used to fit the peaks in the energy spectra (background-subtracted).
Figure 5 shows the energy resolution results, where the energy resolutions are plotted in function
of the associated energy and compared between digitizers. Table 1 show representative values of
the energy resolution at the 137Cs gamma line (662 keV).
7 Pulse Shape Discrimination comparison
The capability of the digitizers to discriminate different particles is assessed by applying the double-
gate integrationmethod, calculating the so-called PSDparameter (section 4). The dedicated detector
used is a PSD capable liquid scintillator, EJ301. The EJ301 was chosen for its optimum PSD
performance in discriminating gamma and neutron scintillation events. The radioactive source is
252Cf. Therefore, this test is designed in particular to compare the gamma-neutron pulse shape
discrimination performances. Additionally, 22Na and 137Cs sources are used to calibrate the energy
spectrum.
The analysis procedure is different compared to the spectroscopy comparison since ABCD has
the capability of saving all the data produced during an acquisition. The waveforms corresponding
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FOM between 455 keVee and 555 keVee – EJ301
CAEN Digitizers
DT5725 2.17 ± 0.02
DT5751 2.50 ± 0.04
Oscilloscopes
STEMLab 125-14 1.91 ± 0.03
Analog Discovery 2 1.61 ± 0.01
Table 2. Figure of merits results for pulse shape discrimination with an EJ301 detector.
to each digitizer-source combination are now saved. This allows performing accurate offline
analysis, optimizing the several parameters of the waps module configuration that influence the
PSD evaluation (CFD and integration gates).
For each digitizer, the optimal configuration of the waps module corresponds to the one that
gives the greater Figure Of Merit (FOM), in the PSD analysis, defined as:
FOM =
|H1 − H2 |
FWHM1 + FWHM2
(7.1)
where FWHMi and Hi are, respectively, the full-width at half-maximum of one of the peaks in the
PSD histogram and its centroid. The PSD histogram (Figure 7) is obtained by selecting a Region
Of Interest (ROI) in the PSD parameter vs. qlong bi-dimensional histogram (Figure 6). The ROI is
defined in the energy range: 455 keVee to 555 keVee. A higher FOM value coincides with narrower
and better-separated distributions in the PSD vs. qlong plots, which implies a better pulse shape
discrimination. FOM values characterizing the various digitizers are listed in Table 2, while in
Figure 7 are shown the PSD histograms of the events with energy in the range from 455 keVee
to 555 keVee. Figure 6 shows the typical bi-dimensional distribution of events obtained with the
double-gate integration method. The top distribution contains neutron detection events, while the
bottom distribution contains gamma events.
8 Timing measurements comparison
The timing performance of a digitizer is related to its capability of determining the time-of-arrival
(timestamp) of pulses. In this work we focus only on the measurement of time differences (also
known as Time-of-Flight, ToF) between signals in a small coincidence window (~100 ns), sampled
through two of its channels. We, therefore, are not considering the absolute timestamp. Smaller is
the FWHM, of the distribution of the difference between timestamps, better is timing performance
of the detection system.
The experimental setup used to characterize this feature includes two fast organic scintillators
(EJ301 and EJ228) and a 22Na source placed in between, at an equal distance. The 511 keV anni-
hilation gammas, emitted by the sodium source, produce the coincidence signals. The subsequent
analysis of the ABCD waps and tofcalc modules generates the ToF distributions (as described
previously in section 4). Similarly to the PSD analysis, by saving the waveforms it is possible to
optimize the parameters of the waps configuration that have to be specified in the CFD algorithm,
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Figure 6. Comparison of the bi-dimensional histograms of PSD parameter vs. qlong for a 252Cf source and
an EJ301 scintillator. The shaded region is the ROI (455 keVee to 555 keVee) for the FOM determination
(Figure 7).
and thus affect the identification of the signals timestamp. Moreover, during the offline analysis, the
coincidence signals are filtered imposing that their energy is included in the range from 0.2 MeV to
0.8 MeV. In Figure 8, a comparison of the ToF distributions generated by the different digitizers is
presented. Results are reported in Table 3.
9 Conclusions
In this work, we have employed the ABCD data acquisition system to compare the performances
of two CAEN digitizers (DT5725 and DT5751) and two low-cost digital oscilloscopes (Red Pitaya
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Figure 7. PSD histograms of the events with energy between 0.455MeVee and 0.555 MeVee of the various
digitizers.
Timing
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Time	[ns]
DT5751
DT5725
Analog	Discovery	2
STEMLab	125-14
Figure 8. ToF distributions of the events with energy between 0.2MeV and 0.8MeV of the various digitizers.
FWHM of the ToF distribution [ns]
CAEN Digitizers
DT5725 0.898 ± 0.007
DT5751 0.748 ± 0.003
Oscilloscopes
STEMLab 125-14 1.34 ± 0.01
Analog Discovery 2 1.19 ± 0.03
Table 3. FWHM of the ToF distributions for timing between an EJ301 detector and an EJ228.
STEMLab 125-14 and Digilent Analog Discovery 2). The comparison is in terms of some classical
measurements of a nuclear physics experiment: spectroscopy, pulse shape discrimination (PSD)
and timing. In order to have a fair comparison, the hardware is compared with the very same
analysis algorithm applied to the produced data. An overall summary is in Table 4.
From the point of view of spectroscopy (section 4) theDT5725 has the best performance, thanks
to the combination of its 250 MS/s sampling frequency, 14 bits resolution and small dynamic range
(0.5 Vpp or 2 Vpp). The STEMLab 125-14 (125 MS/s, 14 bit) is slightly better than the DT5751.
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Even though the DT5751 has only 10 bits of ADC resolution, it has an overall good performance
thanks to the small (0.5 Vpp or 2 Vpp) dynamic range and very fast sampling rate (1 GS/s). The
AD2 has the overall worst performance, perhaps, given the wide range that the 14 bits have to cover.
The comparison of the Pulse Shape Discrimination (PSD) capabilities gives similar results
(section 4) to the spectroscopy comparison. The CAEN digitizers are the best performing, but in this
case the DT5751 has an advantage over the DT5725. Since the PSD information is partly a timing
information, the higher sampling rate is probably responsible for that difference. Figure 6, though,
shows that the distribution of the DT5751 is slightly bent upwards at higher energies, therefore a
simple threshold on the PSD parameter is not sufficient for an efficient γ/n discrimination. The
STEMLab 125-14 has an intermediate performance between the CAEN digitizers and the AD2,
but shows a cut on the gamma distribution with energies above 2 MeVee. This cut is probably due
to the fact that the STEMLab 125-14 discards signals that saturated the ADC. The AD2 has the
worst performance, but the γ/n distributions are straight over the whole energy interval, just like the
DT5725.
Finally, in the timing comparison (section 4) the DT5751 has the best performance with a
sub-nanosecond resolution. The DT5725 has a sub-nanosecond resolution as well, but its slower
sampling frequency worsens the result. Surprisingly, the AD2 has a better timing resolution
compared to the STEMLab 125-14, given the fact that the sampling frequency of the AD2 is slower
than the STEMLab 125-14. An hypothesis could be that the ADC clock of the AD2 has less jitter
compared to the STEMLab125-14. A concluding remark regards the absolute timingmeasurements,
CAEN digitizers provide an absolute timestamp since the beginning of the acquisition, therefore
they can be used to determine time differences on long coincidence windows. The STEMLab 125-
14 and the AD2 do not provide such information therefore the timing measurements are applicable
only in a coincidence window as wide as the channels buffers (16 kSamples for both). For the
digital oscilloscopes, ABCD simulates the absolute timestamp using the computer clock.
Concluding, if a nuclear physics experiment has budget constraints, these low-cost digital
oscilloscopes are valid alternatives to specialized digitizers. The acquisition performances were
all comparable. At the time of this writing both the AD2 and the STEMLab 125-14 cost around
400 $. CAEN digitizers have costs of the order of several thousands of euros. If more than one
or two channels are needed then both CAEN digitizers become more cost effective (especially the
8 channel DT5725). If a high acquisition rate (more than 4 kHz) is needed, the digitizers are
required. Moreover the two digitizers offer advanced options in their embedded firmware that were
not evaluated in this work (e.g. complex triggering logic, on-board coincidente determination, or
on-board waveforms analysis).
References
[1] C. Sosa, M. Flaska and S. Pozzi, Comparison of analog and digital pulse-shape-discrimination
systems, Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment 826 (2016) 72–79.
[2] L. Stevanato, D. Cester, G. Nebbia and G. Viesti, Neutron detection in a high gamma-ray background
with ej-301 and ej-309 liquid scintillators, Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 690 (2012) 96–101.
– 13 –
Co
nn
ec
tio
n
Ch
.
AD
C
re
s.
Sa
m
pl
.r
at
e
Dy
n.
ra
ng
e
M
ax
.a
cq
.r
at
e
En
er
gy
re
so
lu
tio
n
[%
]
PS
D
FO
M
To
F
FW
H
M
[b
it]
[M
S/
s]
[e
vt
/(s
ch
)]
Na
I(T
l)
La
Br
3(
Ce
)
EJ
30
1
[n
s]
CA
EN
Di
gi
tiz
er
s
D
T5
72
5
U
SB
,o
pt
ic
al
8
14
25
0
0.
5
V
pp
or
2
V
pp
10
6
7.
57
8
3.
28
8
2.
17
0.
89
8
D
T5
75
1
U
SB
,o
pt
ic
al
4
10
10
00
0.
5
V
pp
or
2
V
pp
10
6
7.
93
4
3.
41
6
2.
50
0.
74
8
O
sc
ill
os
co
pe
s
ST
EM
La
b
12
5-
14
Et
he
rn
et
,U
SB
2
14
12
5
±1
V
or
±2
0
V
40
00
7.
72
6
3.
37
6
1.
91
1.
34
A
na
lo
g
D
isc
ov
er
y
2
U
SB
2
14
10
0
±2
5
V
10
0
9.
81
3.
91
6
1.
61
1.
19
Ta
bl
e4
.S
um
m
ar
y
of
th
e
di
gi
tiz
er
sa
nd
os
ci
llo
sc
op
es
da
ta
.
– 14 –
[3] A. Di Fulvio, T. Shin, M. Hamel and S. Pozzi, Digital pulse processing for nai (tl) detectors, Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment 806 (2016) 169–174.
[4] L. Stevanato, G. Baroni, Y. Cohen, F. Cristiano Lino, S. Gatto, M. Lunardon et al., A novel cosmic-ray
neutron sensor for soil moisture estimation over large areas, Agriculture 9 (2019) 202.
[5] C. L. Fontana, M. Lunardon, F. E. Pino, L. Stevanato, A. Carnera, C. Sada et al., A distributed data
acquisition system for signal digitizers with on-line analysis capabilities, in 2017 IEEE Nuclear
Science Symposium and Medical Imaging Conference (NSS/MIC), pp. 1–5, IEEE, 2017. DOI.
[6] C. L. Fontana, A. Carnera, M. Lunardon, F. E. Pino, C. Sada, F. Soramel et al., A distributed data
acquisition system for nuclear detectors, in International Journal of Modern Physics: Conference
Series, vol. 48, p. 1860118, World Scientific, 2018. DOI.
[7] C. L. Fontana, M. Lunardon, F. Pino, L. Stevanato and S. Moretto, Resource sharing in nuclear
physics laboratory classes: A distributed data acquisition system for experiments with shared
resources and data management, in AIP Conference Proceedings, vol. 2160, p. 050024, AIP
Publishing LLC, 2019. DOI.
[8] A. Sardet, B. Pérot, C. Carasco, G. Sannié, S. Moretto, G. Nebbia et al., Design of the rapidly
relocatable tagged neutron inspection system of the c-bord project, in 2016 IEEE Nuclear Science
Symposium, Medical Imaging Conference and Room-Temperature Semiconductor Detector Workshop
(NSS/MIC/RTSD), pp. 1–5, IEEE, 2016. DOI.
[9] C. L. Fontana, A. Carnera, M. Lunardon, F. Pino, C. Sada, F. Soramel et al., Detection system of the
first rapidly relocatable tagged neutron inspection system (rrtnis), developed in the framework of the
european h2020 c-bord project, Physics Procedia 90 (2017) 279–284.
[10] P. Sibczynski, A. Dziedzic, K. Grodzicki, J. Iwanowska-Hanke, Z. Mianowska, M. Moszyñski et al.,
C-bord-an overview of efficient toolbox for high-volume freight inspection, in 2017 IEEE Nuclear
Science Symposium and Medical Imaging Conference (NSS/MIC), pp. 1–3, IEEE, 2017. DOI.
[11] A. Sardet, B. Pérot, C. Carasco, G. Sannié, S. Moretto, G. Nebbia et al., Gamma signatures of the
c-bord tagged neutron inspection system, in EPJ Web of Conferences, vol. 170, p. 07011, EDP
Sciences, 2018. DOI.
[12] F. Pino, C. L. Fontana, M. Lunardon, L. Stevanato, C. Sada, A. Carnera et al., Advances on the
development of the detection system of c-bordâĂŹs rapidly relocatable tagged neutron inspection, in
International Journal of Modern Physics: Conference Series, vol. 48, p. 1860125, World Scientific,
2018. DOI.
[13] P. Hintjens, ZeroMQ: messaging for many applications. "O’Reilly Media, Inc.", 2013.
[14] G. Howser, Computer Networks and the Internet. Springer, 2020,
https://doi.org/10.1007/978-3-030-34496-2.
[15] G. F. Knoll, Radiation detection and measurement. John Wiley & Sons, 2010.
[16] F. Pino, L. Stevanato, D. Cester, G. Nebbia, L. Sajo-Bohus and G. Viesti, Detecting fast and thermal
neutrons with a boron loaded liquid scintillator, ej-339a, Applied Radiation and Isotopes 92 (2014)
6–11.
[17] T. Marchi, F. Pino, C. L. Fontana, A. Quaranta, E. Zanazzi, M. Vesco et al., Optical properties and
pulse shape discrimination in siloxane-based scintillation detectors, Scientific reports 9 (2019) 1–13.
[18] N. Pilan, S. De Ambrosis, A. De Lorenzi, M. Cavenago, M. Fincato, C. Fontana et al., Evidences of
– 15 –
accumulation points in cascade regenerative phenomena observed in high voltage dc devices
insulated by long vacuum gaps, Journal of Physics Communications 2 (2018) 115002.
[19] S. Spagnolo, N. Pilan, A. De Lorenzi, L. Lotto, E. Martines, F. Rossetto et al., Current signals and
x-ray spectra analysis for a vacuum high voltage holding experiment, in 2018 28th International
Symposium on Discharges and Electrical Insulation in Vacuum (ISDEIV), vol. 1, pp. 89–92, IEEE,
2018. DOI.
[20] R. Casanovas, J. Morant and M. Salvadó, Energy and resolution calibration of nai (tl) and labr3 (ce)
scintillators and validation of an egs5 monte carlo user code for efficiency calculations, Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment 675 (2012) 78–83.
– 16 –
